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Introduction: The aim of this study was to evaluate the intra and inter-rater and inter-analyzer reliability
of neuromuscular variables and functional tests.
Methods: Cross-sectional crossover design. Two independent raters and analyzers evaluated twenty-two
healthy subjects. Knee-extensor strength was assessed from three maximal voluntary isometric con-
tractions. Muscle activation was obtained from the vastus lateralis (VL), rectus femoris (RF), and vastus
medialis (VM) muscles. VL and RF muscles’ architecture [fascicle length (FL), pennation angle (PA),
muscle thickness (MT)] was obtained at rest by ultrasound. The time from five sit-to-stand (STS) trials,
and the distance from the 6-min walk test (6MWT) were obtained. Intraclass correlation coefficient was
determined and classified as strong (r ¼ 0.75e1.00), moderate (r ¼ 0.40e0.74), and weak (r < 0.40).
Results: Strong intra-rater reliability values were observed for strength (r ¼ 0.97), muscle activation [VL
(r ¼ 0.91); RF (r ¼ 0.92); VM (r ¼ 0.80)], VL [FL (r ¼ 0.90); PA (r ¼ 0.94); MT (r ¼ 0.99)] and RF [MT
(r ¼ 0.85)] muscle architecture, STS (r ¼ 0.95), and 6MWT (r ¼ 0.98). Inter-rater reliability also presented
strong values for strength (r ¼ 0.97), muscle activation [VL (r ¼ 0.94); RF (r ¼ 0.79); VM (r ¼ 0.78)],
muscle architecture VL [PA (r ¼ 0.81) and MT (r ¼ 0.88)] and RF [MT (r ¼ 0.80)], STS (r ¼ 0.93), and
6MWT (r ¼ 0.98). A moderate correlation VL muscle architecture [FL (r ¼ 0.69)]. Inter-analyzer muscle
architecture reliability presented strong VL [FL (r ¼ 0.77); PA (r ¼ 0.76); MT (r ¼ 0.91)] and RF [MT
(r ¼ 0.99)].
Conclusion: The high intra and inter-rater and inter-analyzer reliability values for most variables is ev-
idence that they can be used for clinical evaluation. Muscle architecture might need a longer training
period by different raters and analyzers to increase reliability.
© 2021 Elsevier Ltd. All rights reserved.1. Introduction
In clinical practice, the evaluation of intra-rater and inter-rater
reliability is extremely important to ascertain possible influence
of different days of evaluation and of different raters on the
outcome variables’ results. In addition, it also allows determining
strategies to minimize measurement errors in future evaluationa, Centro de Desportos, Uni-
Antônio Edu Vieira, Campus
-900, Brazil.
nferdini).protocols.
Several studies have determined the reliability of maximum
force (Kollock et al., 2010; Lienhard et al., 2013; McCarthy et al.,
2008; Ruschel et al., 2015; Suzuki, 2015; Toonstra and Mattacola,
2013), muscle activation (Balshaw et al., 2017; Callaghan et al.,
2009; Hashemi Oskouei et al., 2013; Place et al., 2007; Sorbie
et al., 2018) and muscle architecture (Ishida et al., 2018; Kwah
et al., 2013; Lima et al., 2012; Lima and Oliveira, 2013; Marzilger
et al., 2018; Raj et al., 2012; Santos & Armada-da-Silva, 2017;
Silva et al., 2018).
For knee extensor forcemeasurements, most studies have found
high values for both intra-rater (Kollock et al., 2010; Suzuki, 2015;
Toonstra and Mattacola, 2013) and inter-rater (Kollock et al., 2010)
Abbreviation list
ATS American Thoracic Society
AG Acceleration of Gravity
AUC Area of force under the curves
CV Coefficient of variation
FL Fascicle length
icc Intraclass correlation coefficient
TL Tibia's Length
M Mean
mdc Minimum detectable change
mt Muscle thickness
mvic(s) Maximal voluntary isometric contractions(s)
pa Pennation angle
rf Rectus femoris
RMS Root mean square
SD Standard deviation





6mwt Six-minute walk test
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ments was evaluated with load cells (intra-rater r ¼ 0.89e0.96)
(Kollock et al., 2010; Suzuki, 2015; Toonstra and Mattacola, 2013).
However, different protocols and evaluation devices were used for
these strength measures, and the reliability of the knee extensor
strengthmeasures of healthy subjects, evaluated with knee and hip
at 90 of flexion, sitting on a standard chair, is still uncertain.
Intra-rater reliability of knee extensor muscles’ activation
measures has been investigated during maximal (Callaghan et al.,
2009; Hashemi Oskouei et al., 2013; Place et al., 2007) and sub-
maximal (Sorbie et al., 2018) voluntary contractions. During
maximal voluntary isometric contractions (MVICs) of knee exten-
sors, Place et al. (2007) found high reliability values for the vastus
lateralis (VL, r ¼ 0.78) and rectus femoris (RF, r ¼ 0.90) muscles,
whereas moderate reliability values were found for the vastus
medialis (VM, r ¼ 0.45) muscle.
Some studies have investigated the quadriceps muscle archi-
tecture's reliability (Ishida et al., 2018; Lima et al., 2012; Lima and
Oliveira, 2013; Marzilger et al., 2018; Santos & Armada-da-Silva,
2017; Silva et al., 2018). The assessment of muscle thickness (MT)
of the RF (r ¼ 0.91e0.99), VL (r ¼ 0.80e0.99), VM (r ¼ 0.90) and
vastus intermedius (VI, r ¼ 0.74) muscles presented high values of
intra-rater reliability (Ishida et al., 2018; Lima and Oliveira, 2013;
Santos & Armada-da-Silva, 2017). Only one study evaluated the
inter-rater reliability of muscle architecture measures, and found
high (r ¼ 0.96) RF reliability for the MT (Ishida et al., 2018). Reli-
ability evaluation of the muscle's pennation angle (PA) and fascicle
length (FL) measurements was investigated by Lima and Oliveira
(2013), who found high intra-rater reliability values for PA
(r ¼ 0.83e0.99) and FL (r ¼ 0.80e0.99) of VL. However, no studies
were found that evaluated inter-rater reliability for PA or FL in
healthy subjects. Marzilger et al. (2018) developed a semi-
automated algorithm routine to analyze architectural parameters
of the VLmuscle. The authors found high intra-day reliability values
for MT (r ¼ 0.96e1.00) and FL (r ¼ 0.87e0.98), and moderate-to-
high for PA (r ¼ 0.58e0.94). Therefore, despite of the several
studies that evaluated the quadriceps muscle architecture, it is still
not very clear in the literature the intra and inter-rater reliability of
PA and FL measures.
In addition to neural, structural and mechanical variables,
investigation of functional tests' reliability, such as the 6-min walk
test (6MWT) and sit-to-stand (STS) is clinically important, as these
functional tests are often used to evaluate the patients’ health
conditions (Tveter et al., 2014). In the case of the 6MWT, the
American Thoracic Society (ATS) published a guideline (with ma-
terials, procedures and verbal commands) on how to conduct the
6MWT (Crapo et al., 2002). Therefore, several studies have sought
to investigate the reliability of 6MWT (Bellet et al., 2012; Guerra-
Balic et al., 2015; Tveter et al., 2014) and STS (Goldberg et al.,5852012; Schurr et al., 2012; Wang et al., 2012) measurements in pa-
tients with various disorders. These studies have found moderate-
to-high values for the intra and inter-rater reliability of 6MWT and
STS functional tests (Bohannon, 2011; Paul and Canning, 2014;
Tveter et al., 2014). However, the results vary greatly among studies
due to the different characteristics of each evaluated population.
Therefore, the first aim of the present study was to evaluate the
intra and inter-rater reliability of the knee extensor muscles' force
and muscular activation. The second aim of the study was to
evaluate the intra and inter-rater reliability of the VL and RF
muscular architecture parameters. Our third goal was to evaluate
the intra and inter-rater reliability of 6MWT and STS tests’ perfor-
mance, as well as to evaluate the reliability of the area under the
force curve during STS when performed over a force plate. Finally,
we chose raters with two different time experience in using the




This study is characterized as a cross-sectional with reliability
measurements. The sample consisted of twenty-two healthy,
physically active subjects. Participants were selected from under-
graduate and graduate students from the university. The sample
was calculated from the G*Power 3.1.3 software
(FrauzFaurUniversit€at Kiel, Germany), with an "Effect Size" of 0.30,
a¼ 0.05, and power of 0.80. Subjects were carefully informed about
the design of the study and the possible risks and discomforts
related to the measurements and then all the subjects signed an
informed consent form to participate in the study. This study was
conducted according the declaration of Helsinki, and all procedures
were approved by the local Institutional Research Ethics Committee
(project number 3.458.124). Inclusion criteria included age be-
tween 18 and 40 years old, being physically active, do not present
any medical restriction on the performance of maximum tests.
Exclusion criteria included any history of neuromuscular, meta-
bolic, hormonal, and cardiovascular diseases. Subjects were not
taking any medication, which could influence on hormonal and
neuromuscular metabolism.
2.2. Data acquisition and analysis
The evaluation protocols were carried out at the exercise
research laboratory of the institution where the project was
approved. All knee extensor strength and muscle activation tests
were performed by two independent raters (12 years of
experience ¼ most experienced; 2 months ¼ novice) on the first
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evaluation after one-week interval (Santos et al., 2013), adopting
the same procedures previously performed. Similarly, VL muscle
architecture (most experienced ¼ 3 years; novice ¼ 3 months), and
the clinical 6MWT and STS tests (most experienced ¼ 2 years;
novice ¼ 3 months) were evaluated by two different raters in a
similar way. Standard operating procedures were developed to
systematize the procedures for data collection among the raters
(Gough and Hamrell, 2010). All data collections were performed in
one month.
Prior to the strength tests, the participants’ tibial length (TL),
from the dominant limb, was measured for torque calculation,
which was performed using the equation (1):
Torque¼ Force ,AG ,ðTLÞ (1)
Equation 1. Force (kg); AG e Acceleration of Gravity (m/s2); TLe
Tibia's Length (m)
After that, participants were asked to sit in a standard chair, with
their hips and knees flexed at 90 (0 ¼ full knee extension). Next,
participants were asked to produce the maximal knee extensor
effort against a Velcro strap that was attached in one extremity to
the lower end of the leg (distal end of the tibia), and to a load cell
(BTS 200 kg, Porto Alegre, Brazil) on the other end. The load cell was
attached to a chain that was fixed to the chair's rear legs. After the
leg fixation, a verbal command was given to all participants to
perform three 5-sec knee extensor maximal voluntary isometric
contractions (MVICs). A 2-min interval was adopted between
contractions to avoid possible fatigue effects. The highest MVIC
force and torque values were selected for further analysis.
Muscle activation was evaluated using a 4-channel electromy-
ography (EMG) system (EMG 800c, EMG System, S~ao Paulo, Brazil;
sampling frequency of 2000 Hz per channel) connected to a note-
book computer, along with muscle strength data during the knee
extensor MVIC tests (Merletti et al., 2009). The muscles monitored
in the lower limbs were RF, VL and VM. The EMG activity of the RF,
VL and VMmuscles was obtained by pairs of surface electrodes (Ag/
AgCl, diameter¼ 22mm, Kendall Meditrace 100, Chicopee, Canada;
impedance input > 1015U, common bounce rate de92 dB), which
were placed in the muscle belly, parallel to the muscle fibers
(Merletti et al., 2009).
The EMG signals were processed usingmathematical routines in
Matlab® software (MathWorks, Natick, USA). First, the signals were
filtered with a third order Butterworth pass-band filter, with cutoff
frequencies of 20 and 500 Hz. After filtration, the root mean square
(RMS) values from each muscle (RF, VL and VM) were calculated
from the signals of the plateau from the 5-sec MVICs’ force signals.
An ultrasound system (VIVID I ®, GE Healthcare, Waukesha,
USA) with a linear array probe (50mm, 3e10MHz; L12-3, VIVID I®,
GE Healthcare, Waukesha, USA), was used to determine the FL, PA
and MT of VL and MT of RF. Ultrasonography images were acquired
at rest, with the subjects lying in dorsal decubitus on a stretcher,
with the lower limbs fully extended. Three VL and RF images were
obtained by each rater (Baroni et al., 2013; Guilhem et al., 2013).
Ultrasound images were analyzed off-line using ImageJ software
(National Institute of Health, Bethesda, USA) to measure FL, PA and
MT. The analysis of muscle architecture data was performed by two
independent analyzers with similar experience (6 months),
analyzed three similar images of each muscle, in order to ascertain
possible influences of the analyzers on the ultrasound measure-
ments’ reliability.2.3. Functional capacity
Functional capacity was assessed using the STS test. The test586consisted of two attempts while performing five repetitions of the
movement of getting up from and sitting on a chair. The time to
perform these five repetitions was obtained with a stopwatch
(CASIO HS-30W-N1V, Computer Co., Ltd. Tokyo, Japan). A 2-min
interval was adopted between attempts. The test was performed
in a chair with back support, so that, at the beginning of the test, the
hip and knee joints were positioned at a 90 angle (0 ¼ full
extension). The participants started the test with their trunk
straight and their hands crossed in front of the chest. During the
test, the participants' feet were maintained apart at approximately
the shoulders’ width, and above a force plate (9260AA3; Kistler
Instrument AG, Winterthur, Suisse). Besides the time, the areas of
the ground reaction force curves (N$s) were obtained from the 1st,
3rd and 5th repetitions using MATLAB® software (MathWorks,
Natick, USA). Force data were filtered with a low-pass Butterworth
digital filter, with the cut-off frequency calculated using Winter
residue analysis (Winter 2009). After the filtering procedure, the
integral of each execution of interest was calculated.
The 6MWT tests were performed according to the ATS recom-
mendations, which published a guideline (with materials, proced-
ures and verbal commands) on how to conduct the 6MWT (Crapo
et al., 2002). The subjects were then instructed to walk as fast as
possible for 6 min, always with one foot supported on the ground
(no bipodal phase). The test was performed on a flat sidewalk,
where two cones were placed at a distance of 30 m between them.
A stopwatch (CASIO HS-30W-N1V, Computer Co., Ltd. Tokyo, Japan)
was used to control the test time, and the verbal commands were
given as proposed by ATS (Crapo et al., 2002). The distance was
calculated from the number of turns performed during the 6 min,
multiplied by 60 m (distance of one lap), and added to the surplus
distance performed by the subjects. This distance was measured
using a metric fiberglass tape (Vonder, Grupo OVD, Novo Ham-
burgo, Brazil), with 20 m of length and 1 mm precision.
2.4. Statistical analysis
The data statistical analysis included mean values (M), standard
deviation (SD) values, and coefficient of variation (CV) of all data.
The data normality was verified by the Shapiro-Wilk test. All data
obtained by the same rater at the two different days were used to
verify the intra-rater reliability of the outcome measures. In addi-
tion, in order to verify the inter-rater reliability of the outcome
measures, all the data collected on the first day by the two raters
was used. To verify the outcome measures’ reliability, the intraclass
correlation coefficient (ICC), standard error of the measurement
(SEM) andminimumdetectable change (MDC)were calculated. The
ICC was classified as excellent (r > 0.90); good (r ¼ 0.75e0.90);
moderate (r ¼ 0.50e0.75) or poor (r < 0.50) according to the
literature (Koo and Li, 2016). SEM was estimated using equation:
SEM ¼ SD * √ (1-ICC) described by Weir (2005). The MDC was
estimated based on a 95% confidence interval (95%CI), where
MDC ¼ 1.96 * SEM (Schwenk et al., 2012). The level of significance
adopted for all analyzes was set at 5%. All statistical procedures
were performed using the statistical package SPSS 20.0 (IBM, Chi-
cago, USA) for Windows.
3. Results
Twenty-two subjects (11\ e 11_), with age: 27 ± 5 years; body
mass: 69.7 ± 10.6 kg; and stature: 170 ± 10 cm agreed to participate
in the study. A high reliability was observed for most of the
outcome variables. Results of the knee extensor MVICs’ force pre-
sented strong ICC values for both intra-rater (r ¼ 0.970, p < 0.001)
and inter-rater (r¼ 0.967, p < 0.001) reliabilities. The knee extensor
torque results also presented strong ICC values for both the intra-
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reliability. In addition, the force and torque results showed low
values of SEM and MDC (Table 1).
The knee-extensor muscle activation reliability was high for
both the intra-rater and inter-rater measurements for all evaluated
muscles. ICC values were classified as strong in all analyzed cor-
relations (r > 0.780, p < 0.001). SEM andMDC values were small for
the RF and VL muscles, whereas for the VM muscle, values were
slightly higher (Table 1).
The VL muscle architecture reliability results presented a strong
reliability for the PA measurements for both the intra-rater
(r ¼ 0.940, p < 0.001) and inter-rater (r ¼ 0.801, p < 0.001) com-
parisons. MT measurements also showed strong reliability for the
intra-rater (r ¼ 0.987, p < 0.001) and inter-rater (r ¼ 0.882,
p < 0.001) measures. There was also a strong intra-rater reliability
(r ¼ 0.898; p < 0.001) for FL, but for the inter-rater reliability,
moderate values were found (r ¼ 0.688; p ¼ 0.005). Regarding the
SEM and MDC results, the intra-rater data presented low values,
whereas, for the inter-rater results, higher values of SEM and MDC
were found. Furthermore, RF muscle architecture reliability results
presented a strong reliability for theMTmeasurements for both the
intra-rater (r ¼ 0.848, p < 0.001) and inter-rater (r ¼ 0.803,
p < 0.001); Table 2.
For the functional test results, strong intra and inter-rater reli-
ability were also found. ICC values for STS performance were clas-
sified as strong for both the intra-rater (r ¼ 0.950, p < 0.001) and
inter-rater (r ¼ 0.926, p < 0.001) results, and the STS values of SEM
andMDCwere small for the intra and inter-rater results (Table 3). In
addition, the STS results for the 1st, 3rd and 5th repetitions AUC
mean values showed strong ICC values for the intra-rater (r¼ 0.852,
p < 0.001) and inter-rater (r ¼ 0.801, p < 0.001) results. However,
when analyzing the individual curves, it can be observed that the
ICCs fall to moderate in the 5th STS repetition for intra (r ¼ 0.669;
p ¼ 0.007) and inter-rater (r ¼ 0.586; p ¼ 0.025) results.
Corroborating with STS results, the performance of 6MWT also
presented strong ICC values for the intra-rater (r¼ 0.977, p < 0.001)
and inter-rater (r ¼ 0.977, p < 0.001) comparisons, in addition to
presenting low SEM and MDC values (Table 3).
Finally, for the muscle architecture measures inter-analyzer
reliability, strong ICC values were found especially for MT of VL
(r¼ 0.907; p< 0.001) and RF (r¼ 0.990; p< 0.001), as well as strong
ICC values for FL analyzes (r ¼ 0.769; p ¼ 0.001) and PA (r ¼ 0.763;
p ¼ 0.001) of VL muscle architecture. However, these last two
variables presented higher SEM and MDC values compared to MT
(Table 4).Table 1
Intra and inter-rater reliability results for force, torque, andmuscle activation for the rectu
inferior limb. Values of mean ± standard deviation (SD), intraclass correlation coefficient
(SEM), minimum detectable change (MDC) and coefficient of variation (CV).
Mean ± SD ICC 95%
Force (kg) - Intra-Rater 59.2 ± 20.5 0.970 0.92
Force (kg) - Inter-Rater 57.3 ± 18.3 0.967 0.92
Torque (N·m) - Intra-Rater 238.1 ± 81.5 0.971 0.93
Torque (N·m) - Inter-Rater 231.2 ± 76.6 0.968 0.92
RMS VL (mV) - Intra-Rater 308.3 ± 118.3 0.905 0.77
RSM VL (mV) - Inter-Rater 306.9 ± 109.4 0.936 0.84
RMS RF (mV) - Intra-Rater 327.6 ± 113.9 0.918 0.80
RMS RF (mV) - Inter-Rater 335.5 ± 105.2 0.786 0.48
RMS VM (mV) - Intra-Rater 287.0 ± 107.5 0.799 0.51
RMS VM (mV) - Inter-Rater 279.2 ± 95.2 0.784 0.47
RMS: root mean square.
5874. Discussion
The results of the present study demonstrated that measures of
strength, torque and muscle activation of the knee extensor mus-
cles have a high reliability. These results also demonstrated that
even an inexperienced evaluator was able to replicate evaluations
similar to the more experienced evaluator. Therefore, these results
corroborate with other results found in the literature, which also
evaluated the reliability of measures of knee extensor muscles’
strength and activation during MVICs (Balshaw et al., 2017;
Callaghan et al., 2009) and during submaximal contractions
(Hashemi Oskouei et al., 2013; Sorbie et al., 2018).
The reliability results of muscle architecture measurements
demonstrated high intra-rater reliability for all measurements.
However, greater variability of the data was found in the inter-rater
results, which may be associated with the novice experience of the
second rater (3 months). Therefore, from these results it is evident
that less experienced raters may be a complication for muscle
architectural assessments, especially in populations where muscle
quality will beworse than in healthy subjects, such as in elderly and
clinical patients (Fragala et al., 2015). An alternative to minimize
measurement errors is to allow a longer training period for data
collection of these variables for the raters. Another alternative is to
always keep the same experienced evaluator in all evaluations, thus
avoiding greater measurement errors of these variables (Kwah
et al., 2013; Silva et al., 2018).
Although the reliability results of inter-analyzer muscle archi-
tecture measurements presented strong correction results, FL and
PA presented large SEM values. Therefore, as in the inter-rater re-
sults, the less experienced analyzer may have influenced the data
analysis, and, therefore, a longer training period of the analyzes of
this technique is necessary for a greater muscle architecture reli-
ability (Kwah et al., 2013). Another alternative for the adequacy of
the muscle architecture analysis process is to automatize the pro-
cess, through mathematical routines described in the literature
(Marzilger et al., 2018). Therefore, we suggest that only experienced
evaluators and analysts are used in the evaluation and analysis of
the muscle architecture in elderly participants or in patients.
The STS high reliability results, for both intra and inter-rater
measurements, agree with previous results found in the literature
that investigated the STS measure's reliability with five repetitions
performance (Bohannon, 2011; Eden et al., 2018; Goldberg et al.,
2012; Mong et al., 2010; Puthoff and Saskowski, 2013). However,
the reliability evaluation of the AUC during the STS showed high
reliability values only in the first and third repetitions, whereas in
the fifth, the values weremoderate. These results may be associateds femoris (RF), vastus lateralis (VL) and vastusmedialis (VM)muscles of the dominant
(ICC), 95% confidence interval (95%CI), p-value, standard error of the measurement
CI p-value SEM MDC CV (%)
8e0.988 <0.001 3.40 6.66 33.8
0e0.986 <0.001 3.36 6.59 32.2
0e0.988 <0.001 13.88 27.21 34.2
2e0.987 <0.001 13.70 26.85 33.1
2e0.961 <0.001 36.46 71.46 38.4
5e0.973 <0.001 27.67 54.23 35.6
1e0.966 <0.001 32.62 63.94 34.8
4e0.911 <0.001 27.67 95.41 31.4
5e0.916 <0.001 48.20 94.47 37.5
9e0.910 <0.001 44.24 86.72 34.1
Table 2
Intra and inter-rater muscle architecture reliability results of the vastus lateralis (VL) and rectus femoris (RF) muscles of the dominant inferior limb. Values of mean ± standard
deviation (SD), intraclass correlation coefficient (ICC), 95% confidence interval (95%CI), p-value, standard error of the measurement (SEM), minimum detectable change (MDC)
and coefficient of variation (CV).
Mean ± SD ICC 95%CI p-value SEM MDC CV (%)
FL - VL (cm) - Intra-Rater 6.57 ± 0.99 0.898 0.754e0.958 <0.001 0.32 0.62 15.1
FL - VL (cm) - Inter-Rater 6.51 ± 0.87 0.688 0.250e0.871 0.005 0.49 0.95 13.4
PA - VL () - Intra-Rater 20.44 ± 2.49 0.940 0.856e0.975 <0.001 0.61 1.19 12.2
PA - VL () - Inter-Rater 20.81 ± 2.41 0.801 0.521e0.917 <0.001 1.08 2.11 11.6
MT - VL (cm) - Intra-Rater 2.11 ± 0.31 0.987 0.969e0.995 <0.001 0.04 0.07 14.7
MT - VL (cm) - Inter-Rater 2.11 ± 0.28 0.882 0.717e0.951 <0.001 0.09 0.19 13.1
MT - RF (cm) - Intra-Rater 1.89 ± 0.28 0.848 0.633e0.937 <0.001 0.11 0.21 14.8
MT - RF (cm) - Inter-Rater 1.87 ± 0.34 0.803 0.525e0.918 <0.001 0.15 0.29 17.9
FL: Fascicle Length; PA: Pennation Angle; MT: Muscle Thickness.
Table 3
Intra and inter-rater reliability results for the sit-to-stand (STS) test, area of force under the curves (AUC) in the first, third, and fifth repetitions of the STS, as well as average
values for all STS test repetitions, and for the 6-minwalk test (6MWT). Values of mean ± standard deviation (SD), intraclass correlation coefficient (ICC), 95% confidence interval
(95%CI), p-value, standard error of the measurement (SEM), minimum detectable change (MDC) and coefficient of variation (CV).
Mean ± SD ICC 95%CI p-value SEM MDC CV (%)
STS (s) - Intra-Rater 8.92 ± 0.87 0.950 0.879e0.979 <0.001 0.19 0.38 9.76
STS (s) - Inter-Rater 9.06 ± 0.87 0.926 0.823e0.969 <0.001 0.24 0.46 9.61
STS - AUC Curve 1 (N·s) - Intra-Rater 113.7 ± 24.6 0.898 0.754e0.958 <0.001 7.87 15.42 21.7
STS - AUC Curve 1 (N·s) - Inter-Rater 113.8 ± 25.9 0.867 0.689e0.945 <0.001 9.45 18.53 22.8
STS - AUC Curve 3 (N·s) - Intra-Rater 113.7 ± 24.7 0.885 0.723e0.952 <0.001 8.37 16.41 21.7
STS - AUC Curve 3 (N·s) - Inter-Rater 113.7 ± 26.0 0.865 0.676e0.944 <0.001 9.55 18.72 22.9
STS - AUC Curve 5 (N·s) - Intra-Rater 116.8 ± 30.7 0.669 0.202e0.862 0.007 17.64 34.58 26.3
STS - AUC Curve 5 (N·s) - Inter-Rater 116.7 ± 30.8 0.586 0.003e0.828 0.025 19.83 38.87 26.4
STS - AUC Mean (N·s) - Intra-Rater 114.7 ± 25.9 0.852 0.643e0.939 <0.001 9.96 19.53 22.6
STS - AUC Mean (N·s) - Inter-Rater 114.7 ± 26.8 0.801 0.520e0.917 <0.001 11.95 23.42 23.4
6MWT (m) - Intra-Rater 691.2 ± 65.7 0.977 0.945e0.990 <0.001 9.96 19.52 9.50
6MWT (m) - Inter-Rater 690.5 ± 62.5 0.977 0.946e0.991 <0.001 9.49 18.59 9.06
Table 4
Inter-analyzer reliability results for the vastus lateralis (VL) and rectus femoris (RF) muscle architecture of the dominant inferior limb. Values of mean ± standard deviation
(SD), intraclass correlation coefficient (ICC), 95% confidence interval (95%CI), p-value, standard error of the measurement (SEM), minimum detectable change (MDC) and
coefficient of variation (CV).
Mean ± SD ICC 95%CI p-value SEM MDC CV (%)
FL - VL (cm) - Inter-Analyzer 6.51 ± 0.83 0.769 0.445e0.904 0.001 0.40 0.78 12.7
PA - VL () - Inter-Analyzer 20.78 ± 2.34 0.763 0.429e0.902 0.001 1.14 2.23 11.3
MT - VL (cm) - Inter-Analyzer 2.11 ± 0.28 0.907 0.775e0.961 <0.001 0.09 0.17 13.4
MT - RF (cm) - Inter-Analyzer 1.89 ± 0.31 0.990 0.975e0.996 <0.001 0.03 0.06 16.5
FL: Fascicle Length; PA: Pennation Angle; MT: Muscle Thickness.
F.J. Lanferdini, F.C. Sonda, I.A. Paz et al. Journal of Bodywork & Movement Therapies 27 (2021) 584e590to the instauration of fatigue at the lower limb muscles during the
STS, modifying the motor gesture performance, which may be
related to changes in the muscle strength capacity during STS
(Roldan-Jimenez et al., 2015). In addition, caution is suggested in
inferring possible measurement errors of the AUC during STS, since
changes in muscle activation or motor control during the sit and
stand task may affect the assessed STS force results (Roldan-
Jimenez et al., 2015).
Regarding 6MWT results, the present study demonstrated that
two evaluators with different previous experiences were able to
obtain similar performance results for this functional test in healthy
subjects. Probably the training procedures previous to data
collection, as well as the use of the ATS recommendations for the
6MWT (Crapo et al., 2002), contributed to these findings. Our re-
sults also agree with previous studies performed with healthy
subjects (Davi et al., 2014), as well as when compared to the intra-
rater and inter-rater results from patients (Hansen et al., 2018).5. Conclusion
In summary, the results of the present study demonstrated588strong intra-rater and inter-rater reliability for the knee extensor
measures of force, torque andmuscle activation. In addition, similar
strong results were found for the functional STS and 6MWT tests.
However, although most of VL and RF muscle architecture variables
present strong reliability, more care is required to collect and
analyze data from this technique.6. Clinical relevance
 Neuromuscular outcomes and functional performance are
regularly used to assess patients' improvement in clinical
practice, and intra-rater and inter-rater reliability is of utterly
importance.
 The high intra-rater and inter-rater reliability obtained for the
majority of the neuromuscular and functional outcomes evi-
dences that the tests used in the present study can be used in
different days by the same rater or in the same day by different
rater.
 The moderate results in the between-raters reliability for some
of the muscle architecture measures suggest that a higher
training period should be observed when using this technique.
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